We demonstrate coupling between two ultrastrong exciton-photon coupled low-Q organic microcavities at room temperature. We propose a modified coupled oscillator model to explain the broken degeneracy of Rabi splittings in the ultrastrong coupling regime.
Introduction
Exciton-polaritons in organic microcavities are of growing interest in both fundamental investigations and applications. Multiple coupled microcavities introduce additional degrees of freedom, both for materials and the cavity interactions, and have attracted increasing attention [1] . Exciton-polaritons in organic materials have been found to be especially interesting due to unusually large couplings that can be observed at room temperature [2] . Here we demonstrate coupling between two low-Q organic microcavities where excitons in the organic films filling each cavity are coupled with photons in ultrastrong coupling regime.
Microcavity structures
We have fabricated low-Q single and double cavities using silver as reflectors enclosing a neat organic dye glass (DCDHF-6-V). Two types of coupled double cavities are studied: symmetric cavities where both contain the exciton dye glass, and asymmetric cavities where one is filled with DCDHF-6-V and one with a non-absorbing polymer, as are illustrated in Fig. 1 (a-c) . The organic dye glass has very broad absorption spectra ( Fig. 1 (d) ), and the strong inhomogeneous broadening gives arise to a large oscillator strength. We demonstrate ultrastrong exciton-photon coupling by taking angle-varying reflectivity measurement with TM and TE polarized light (Fig. 2 (a,c) ). The contour plots of the angle-resolved reflectivity data are shown in Fig. 2 (b) and (d), respectively. Anti-crossing dispersion of cavity polaritons is observed, and the vacuum Rabi splitting energy is 1.12 eV for both TM and TE polarization, which is 52% of exciton transition energy, thus indicating ultrastrong exciton-photon coupling in single cavity. This large splitting is due to large oscillator strength of the neat dye glass.
Ultrastrong exciton-photon coupling in a single cavity

Broken degeneracy of Rabi splittings in a symmetric double cavity
From angle-resolved reflectivity spectra (Fig.3 (a) ), anti-crossing dispersion in four cavity-polariton branches is observed. The vacuum Rabi splitting between UP and MP2 branch is 1.11 eV, while the splitting between LP and MP1 is 1.08 eV, which differs from the observation of two equal splittings in double inorganic cavities below the ultrastrong coupling regime [3] . The observed broken degeneracy of two Rabi splittings is due to higher-order antiresonant Hamiltonian terms beyond rotating wave approximation in the ultrastrong coupline regime, which we have explained by a modified coupled oscillator model [4] . 
Polariton-induced optical asymmetry in an asymmetric double cavity
The asymmetric double cavity is illuminated from both the top and bottom. The reflectivity spectra depends on the side of incidence, as are illustrated in Fig. 3 (c,e) . The corresponding anti-crossing dispersion (Fig. 3 (d,f) ) shows that the MP branch is unobservable when light is incident from bottom. This optical asymmetry in the reflectivity spectra induced by cavity-polariton is consistent with the eigenstates of asymmetric quantum system [4] .
Conclusion and future work
In conclusion, we have shown ultrastrong exciton-photon coupling at room temperature in single cavity containing an organic glass. In the case of coupled double cavities in the ultrastrong coupling regime, the degeneracy of the two Rabi splittings is broken, which agrees with theory. Cavity-polariton induced optical asymmetry is observed from the asymmetric double cavity when illuminating it from different directions. Our observations showing very large splittings in low-Q cavities at room temperature could lead to promising applications. Future work will focus on the nonlinear optical response of the ultrastrong exciton-photon coupled organic cavities. The unusually large nonlinear optical response and strong coupling between photons and organic excitons could open a new regime for fundamental and applied nonlinear optics.
